Instrumental analysis has disposed classical chemical analysis in every analytical laboratory, since many decades, as it is faster and more productive. Beyond any doubt chromatography and above all High Performance Liquid Chromatography (HPLC) is the workhorse in routine analysis, either as standalone technique or hyphenated with specific and more sensitive spectroscopic techniques. Thus the detection of analytes can be feasible at low concentrations following regulatory requirements, as for example those set by environmental protection agencies, food authorities or pharmacopeias, that are getting stricter every day.
HPLC is the analytical tool used for the elucidation of biological processes, for the detection of food adulteration, in doping control, in clinical studies, in forensics, toxicology etc.
All separation mechanisms are mobilized to cover all analytical needs. Chiral chromatography in pharmaceutical analysis is necessary to check the enantioselectivity required for chiral drugs of different activity. Affinity chromatography provides the desired separation of proteins and antibodies in the emerging class of new therapeutic agents of biopharmaceuticals. Ion exchange chromatography can be used for the separation of charged species like monoclonal antibodies with net positive charge so that under the right pH conditions their elution or retention can be facilitated accordingly. Size exclusion chromatography enables the separation of proteins, or polymers. Not to mention the reversed phase chromatography that shows numerous applications in every analytical field.
Moreover comprehensive-two dimensional 2D chromatography can allow the separation of compounds with similar or identical properties in mixtures or in various matrices by increasing peak capacity resolution.
Miniaturization trend in modern HPLC instrumentation is reflected to Micro, Nano, Capillary or Ultra high performance liquid chromatography. The latter was the great revolution in liquid chromatography that occurred, with significant advances in instrumentation and column technology, with outstanding improvement in resolution, speed and sensitivity.
Evidently, recent advances in analytical methodologies take into consideration the Green Chemistry perspectives, thus using less hazardous, green solvents, or no solvent less approaches. Any analytical chemist when developing a new protocol should bare in mind the twelve principles of Green Analytical Chemistry as proposed by Jacek Namieśnik.
Of course no matter how sophisticated hardware is used in the analytical method, sample preparation will always be the bottleneck as it is the most determinative step, at least until a universal and ideal technique is discovered. Automation is now more mandatory than ever. Trends in sample preparation techniques are represented by micro-extraction techniques including On-line Solid Phase Extraction (SPE) Microwave Assisted Solvent Extraction (MASE), Solid Phase Microextraction (SPME), Supercritical Fluid Extraction (SFE), Single Drop Micro Extraction, (SDME), Fabric Phase Sorptive Extraction (FPSE), Stir Bar Sorptive Extraction (SBSE) and others, all promising in reducing solvent consumption. New materials of nanostructures, such as graphene, carbon nanotubes, biomaterials, immunoaffinity materials are also introduced in the sample pretreatment step either for clean-up or for isolation. All above mentioned techniques comply with green analytical chemistry demands and ensure environmental protection and public safety. Applied prior to HPLC offer the necessary selectivity, sensitivity and lower detection required to meet the legislation criteria and give a solution to any analytical problem.
Concluding remarks
Speed, sample throughput and selectivity are the driving forces in the selection of the ideal analytical tool in the analytical laboratory. HPLC offers a variety of versions and thus it is the separation technique of choice with a wide range of applications. Therefore it is a powerful tool fully adapted by most analytical chemists and is currently the state-of-the art in separation science. Reasonably the advances in hardware manufacture rendered HPLC from workhorse, to the racehorse in the lab.
